Interference, which is one of two aspects of the process of competition which take place in genetically heterogeneous mixtures has been studied in the Texas population of Drosophila melanogaster. Both survival and mean adult weight were investigated in the population itself (which displays high levels of aggression and little response) and in LA, a genotype derived from the population (which displays low aggression and high levels of response) in both homotypically and heterotypically conditioned media. The results presented here show that the competitive effects of conditioning depend not only on the concentration of the conditioned medium but also on the genotype of the larvae which conditioned the medium and that of the flies which respond to such media. It was also concluded that medium conditioning is one of a range of biological parameters involved in the determination of the aggression and response components of the competitive interaction among Drosophila larvae. Thus the competitive fitness of a genotype of D. melanogaster is related not only to genetic variation for aggression and response but also to genetic variation in the ability to condition media and the sensitivity to such media.
INTRODUCTION
Competition is generally acknowledged to be an important selective agent in both natural and commercial populations where individuals exist in genetically heterogeneous mixtures. Despite this importance there is little understanding of the biological parameters which might determine the outcome of competition. Considerable advances have been made in the analysis of competitive interactions (Mather and Caligari, 1981; Eggleston, 1985; Spitters, 1986) and these studies have served to emphasise the genetical complexity of competition. In Drosophila melanogaster, for example, analyses of competition can now identify and estimate specific components of the competitive interaction which have been defined as aggression and response (Mather and Caligari, 1983) . However, such parameters are necessarily relative in that two strong or two weak competitors might well lead to the same outcome when observed in mixture. There have been few attempts to identify (in any organism) the basic biological properties which must determine such relative components. A recent investigation of the relationship between competitive parameters (aggression and response) and biological parameters (larval feeding rate and larvaadult conversion efficiency) in D. melanogaster emphasised the complexity of the situation (de Miranda and Eggleston, 1988a, b) . Although biological parameters such as these are clearly important they do not adequately describe the competitive interaction. Here we describe experiments which reveal genetic variation in the interference of competing larvae of D. melanogaster. This interference is mediated by conditioning of the growth medium with secreted or excreted metabolic agents and clearly forms part of the spectrum of biological parameters which determine the outcome of competitive encounters.
Interference is one of two aspects of the process of competition which have been defined by Birch (1957) and Bakker (1961 Bakker ( , 1969 . The other component is exploitation and this refers to the acquisition of some necessary and limited resource, for example food or light, by the competing individuals. Exploitation has long been a subject of investigation in D. melanogaster (Bakker, 1961; Mather and Caligari, 1981; de Miranda and Eggleston, 1987) and also in other organisms, for example Lolium perenne (Mather, Hill and Caligari, 1982) . Interference has also been investigated in Drosophila although usually in the context of the competition between different species. These experiments provide evidence which suggests that larval metabolic products might be responsible (in part) for determining the viability of individuals of the same or different species (Sang, 1949; Budnik and Brncic, 1974) . Weisbrot (1966) concluded that such medium conditioning, whether by the same or different genotypes, could result either in an improvement or a reduction in viability. This situation is therefore analogous to that of exploitation and facilitation with respect to the acquisition of a limited resource.
In an earlier investigation (Hemmat and Eggleston, 1988) (1949) . In the present investigation the concept of homotypic and heterotypic conditioning is extended to include differences between genotypes within the species D. melanogaster.
MATERIALS AND METHODS
The two genotypes of D. melanogaster employed in this experiment were the Texas population (TP) and a line derived by recurrent selection from the population denoted LA (low aggression) by Hemmat and Eggleston (1988) . Previous experience has
shown that the population can be considered as a "genotype" for the purpose of analysis, despite its genetical heterogeneity (Eggleston, 1985 (a) Homotypically conditioned (which refers to the self-conditioning of the medium by larvae of any particular genotype). (b) Heterotypically conditioned (which refers to the conditioning of the medium by larvae of a different genotype). The larvae were allowed to develop at 25°C for 4 days. After this period they were subjected to a temperature of -20°C which effectively kills the larvae. After thawing at 25°C these vials were considered to be "conditioned" according to the technique of Weisbrot (1966) . All vials subsequently received 045 ml of fresh yeast solution with the same concentration as used before to prepare the conditioned tubes for re-seeding with 60 eggs of the appropriate genotype (3.2 mg yeast per larva).
The experimental design therefore consisted of four concentrations of conditioned medium (0, 60, 120 and 180 eggs per vial) with the zero concentration represented by vials which had not been seeded with eggs but which had been frozen and thawed with the other vials. 60 eggs of the two experimental genotypes were then seeded into these vials and therefore the conditioned medium could be considered as either homotypically or heterotypically conditioned. Four replicates of each combination of genotype and concentration were raised in order to provide an estimate of error variation and all vials within each replicate were individually randomised and incubated at 25°C.
As the adults emerged they were counted and weighed every day in order to estimate the proportion of seeded eggs surviving to adulthood (P) and the mean weight of the emerging adults (). Each value of P was then converted into an angle (Pa) using the standard angular transformation (Fisher and Yates, 1963) .
The whole experiment was also carried out simultaneously in third pint milk bottles rather than vials, in order to investigate the effect of space on the observed interference. The same method was used but the amount of agar added to each bottle was 25 ml and the experiment was duplicated rather than quadruplicated.
To determine whether the interactions between specific genotypes and conditioned media were controlled by secreted or excreted metabolic agents and not by other experimental artefacts the following comparisons (first described by Weisbrot, 1966) , were made. The survival (Pa) and mean weight ( ) and (d) above but seeded with 60 dead larvae from the LA genotype. The last two media were employed to demonstrate that any observed interference is caused by the active larvae and therefore their metabolic products rather than by their mere presence.
RESULTS
The results obtained throughout the interference experiment are depicted in figs 1 (Pa) and 2 (). With respect to the character Pa the highest survival is always found in the control media. Under these conditions survival is higher for the Texas population ( fig. 1(a) , (c)) than for the genotype LA ( fig. 1(b) , (d)) in both tubes and bottles. Emergence of the LA genotype continues to drop as the concentration of conditioned medium increases ( fig. 1(b) ). There is not, however, any significant difference in the survival of the Texas population between the control value and media conditioned either homotypically or heterotypically at a density of 60 eggs per vial ( fig. 1(a) ). As the concentration of the conditioned medium increases, however, the survival of population individuals declines but the effect of homotypic and heterotypic conditioning is equivalent. The genotype LA does show a differing response to homotypically and heterotypically conditioned media. Survival of the LA genotype is lower when the medium is conditioned by population individuals than when it is homotypically conditioned and this effect is seen at all concentrations ( fig. 1(b) ). The reduced survival of the LA genotype in media conditioned by population individuals is, however, less pronounced when the experiment is raised in bottles ( fig.  1(d) ). Clearly, whatever the mechanism of interference the extra space provided in bottles produces either an environmental refuge or a dilution effect which reduces the effect of the conditioning. There is no evidence that the population individuals are similarly affected by the extra space available in bottles.
With respect to the character (i), the highest mean adult weight is achieved by individuals from the Texas population in non conditioned (control) media ( fig. 2a) ). As the concentration of conditioned medium increases, mean adult weight falls and this trend is more pronounced when the medium is homotypically conditiond. Conditioning heterotypically by the LA genotype is less efficient at reducing the mean adult weight of the population flies. The effect of conditioning on flies of the LA genotype is much more dramatic ( fig.  2(b) ). Mean adult weight falls sharply even at the lowest concentration of conditioned medium used.
There is little further change as concentration increases and this probably reflects the critical The results depicted in figs 1 and 2 were subjected to a factorial analysis of variance (table 1) media and between conditioning genotypes were found to be significant in all but one case. As expected, the levels of significance of each main effect reflect the more pronounced differences observed in vials as opposed to bottles'and the one non-significant main effect concerns the effect of conditioning genotypes on mean weight of adults emerging in bottles. The various interaction items in the analysis of variance are also quite informative. In all cases the largest interaction item is that which reflects the inconsistent response of the two indicator genotypes to different concentrations of conditioned medium (Ax B). The significant interaction is largely attributable to the different response of the two indicator genotypes at the lowest (60) concentration of conditioned medium.
In general, population individuals have a much less pronounced response to medium conditioning, particularly at low concentrations. This was not unexpected since the two indicator genotypes were chosen because of their divergent behaviour. Only in one case (mean weight of flies raised in bottles) was this item not significant. However, the analysis of variance shows that rather little variation was found in general in this latter case; only differences between indicator genotypes and concentrations being significant. The same exception applies to the next most significant interaction (indicator fig. 2(a), (b) ). These trends are not evident when the experiment is raised in bottles. Differences between the conditioning genotypes tend to be consistent at all concentrations as shown by the universally insignificant interaction item (B xc). These interactions are reflected much as would be expected in the three way interaction item (AxBxC) which is generally rather small although significant in three out of four cases (table 1 ).
An additional experiment was carried out to determine if the decrease in viability and decline in weight of the two indicator genotypes in the conditioned media were caused by active larvae and their metabolic products and not by other extraneous factors or artefacts. In this respect, the survival (Pa) and mean adult weight () of the flies resulting from 60 eggs of each indicator genotype seeded onto control (non conditioned) medium were compared with comparable measurements taken on four other media. It can be seen from the analysis of variance of the results (table 2) that overall there are no significant differences in survival or mean adult weight between the five different media and that there is no evidence of any overall interaction between genotypes and media. In order to determine whether or not any particular differences might be significant the variation among the media totals (summed over both genotypes) can be partitioned. An appropriate partition providing four orthogonal comparisons is given in table 3. These comparisons test the average effect of the treatments versus the control (Cl), the effect of stirring the medium (C2), the effect of the addition of dead larvae (C3) and the effect of the difference between the two sources of dead larvae (C4). The same comparisons, based on the difference between the two genotypes (within each medium) reveal how the different media interact with the two genotypes and provide a suitable partition of the (Ax B) interaction item (denoted Cl' to C4'). The mean squares resulting from these comparisons (each for 1 df) are given in table 2 and it can be seen that none of the items approach significance. In fact, the only significant item in the analysis is that which reflects the expected differences between the two indicator genotypes, namely the higher survival and mean adult weight attained by the Texas population at this egg density. This finding supports the hypothesis that some agent (or agents) in the larval metabolic wastes of the conditioning genotype are responsible for the observed decline in survival and mean adult weight of each indicator genotype with increasing concentration of conditioned medium. melanogaster in that conditioning of the growth medium by biotic residues can be responsible for variation in competitive ability and viability Strickberger, 1964, 1969; Sang, 1949; Weisbrot, 1966; and Dolan and Robertson, 1975) . In addition we have also shown that the competitive effects of conditioning depend not only on the concentration of the conditioned medium but also on the genotype of the larvae which conditioned the medium and that of the flies which respond to such media. The observed differences between the two lines studied here (Texas population and selected strain LA) suggest that medium conditioning The demonstrated genetic variation in the ability to condition media and the sensitivity to such media means that the adaptive value or competitive ability of a genotype will be influenced by the environment in which it develops. As a result it can be suggested that fitness (in terms of competition) is related to the genotype of associate or contemporary competitors. Many previous studies have also stressed the importance of the genetic dimension of the environment (Levene eta!., 1954 (Levene eta!., , 1958 Lewontin, 1955; Lewontin and Matsuo, 1963 and Sokal and Karten, 1964) . The complexity of this genotype! environment interaction is emphasised by the differing response of the two competitive characters, Pa and . For example, although individuals of the Texas population were much more efficient than those of the LA genotype at conditioning the growth. medium and thereby interfering with the survival of genotype LA, no such difference was observed in respect of the mean weight of LA adults.
Without further knowledge of the biochemical nature of the conditioning metabolites it is impossible to say whether the genotypic differences in conditioning ability are qualitative or merely quantitative. The fact that the LA genotype was derived from the Texas population by recurrent selection favours the latter alternative although qualitative differences cannot be ruled out. It is now clear that any attempt to describe the biological nature of competitive ability (even the relatively simple "scramble" type of competition among Drosophila larvae) must take into account a wide and complex range of parameters including not only feeding rates, conversion efficiencies and biotic residues of the competing larvae themselves but also the nature of the conditioning imposed by contemporary competitors.
